(19)B*BMW (JP) (12) & HI *}rF IH 1 £t (A > OOMWHHfiMW* 

4#gS§2001-7822 
(P2001-7822A) 
(43)^li 0 ¥/£l3*p 1 R 12 B (2001. 1. 12) 

©Dinta 1 mmn fi ?-v>*r(##) 

HO 4 L 12/28 H04L 11/20 H 

12/56 G 

102C 





ft®2000 - 551 03( P2000 - 551 03) 


C71)tflHA 


000004237 








B*«»*a;#ifc 


(22)£iJIBH 


¥J&12¥ 3 H 1 B (2000. 3. 1) 




I]^i^Ti7#lf 












0 9/3 3 5 9 0 8 






(32)«5fcH 


¥J*1 1^6^180 (1999. 6. 18) 




08540 >Xh>, 4 -f>5V^> 


(33)«&*fcfe&@ 


#@ (US) 




#x-i\ xx ■ -r— • ■ a. 


(31)«$fc*fcfe^#^ 


09/460649 




— • xx • x — r>^i*3 


(32)«ifcB 


TAH¥12^ 140 (1999. 12. 14) 


(74) A 


100097157 




MM (US) 







(54) [K«ti!>«M y-^^D-MPX-f y^Jfet«-©X^3.-U>^*i5fe 



"rv a> co p 



OQCON 



(57) CSftl 

tC^X^r^A- 'j>^3&*^fl&&:-rc-f ^v-f >x4r 
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1 

mwtcoAji*- hi, 
««©tt«J#- hi, 

V *-)l*:is ^-Jl^WT ^^-5/ i, 

X >r i> - ;b ^ - ;U ti , 
BucDX-jri^ — ;i^e^ ;i/j&>£>x^*i/.» — y >iO* ? 

hKT*teXLJ:5i-r*»*©*<Y AXP 5r h£tm 

u 

bubBW*<C>*-(axp ? h#itijfB^£<DX^^~;u*: 
^^-il/CcJc^TRtc^gnrt^S^i'^**, fulfil 
3fc<D£>f axo ? h#ffljLL3ftTl»£;fr£5rt\ SOW 
iBfiSsofr^Axa? h#f6<Dx^*-;u-*s^-;u 
cc<fc-3rK6tiTi>&3^i*^*»ccs-^i>r, IWB*?*© 
£ -f AX p ^ h i 5 L , 

fB^er^a-tj 9i*-2x«:mriBS*o^-f axp 
*v h#SX6nfcCi£^Ttf*R£A*-i£, 

xp? h^^^nrc^ia^^D^^nTi^ii^Q 

50S©*^ axd* h^WwTji3-e--5Ci$W«i-rS 

rM^©**-%K«F-r-5iRSlffl*+*--Y>^ (VO 
Q) £flH»T, BiTgBa»CE)A*^- h«rjiDTA*Sti 

iBifcDf'-^n-SMBlx-Y * 
[»3WB4 ] hK»-r*ffltBS&ffl#**- 
tt©^- h«c*f-rs»8B«SHi***--r> 
^ i & -5 C i £*8&i T 3 ifii&CD^- 

^^p-$fjtaix>f ? ^ 0 

[ w*s 5 ] B>riaig^tH^+ * - >f > ^©-y-- ex u 
- h«^»ratt^o3iss5jtBr*-5c i^»ai-rsw 
5»a 3 «:ga$g<D7=- 3? 7 p -fW»x ^ ? 

ot'^l^c^. WIBJSffittl*^- h«rSIR-rsCi 
*»» i -r S iftjos l *m<D7- *va -ftOfflix ^ * 
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2 

a) ^&(DX^^-;U^^-Jl/#5 % fif CD X ^ i> * - 

v^- h x $r is * - y > if j* v -fe - s?*3d"*" 

^X^^^'i, 

b) filB^CDX^r^ A --;b^:^^--JW 4 STSBIKK© 
tH*tf- b<D*>%Oj 1 OtCT^-feXUcfc^i-r^^CD 

AXP * h£tm-f &Xt- v^i, 
c ) «TiB«S©ttttJtf- h<D5 *><D 1 o£jj&iB:R*<D* 

-<axp > bvommmfcxirissL-o^tf'rzjz^ic 

10 ji^T^Xr-v^'i. 

d) mria^^cD^>r axp ? h^Bufa^^cDx^^ju- 

e) fflHBf3*<D£-f AXP > h^mflB^fiEOX^^^- 
ju* * - ;wc «fc r W 3 ti r c > & t > ec « , Si IB 

f ) mfia^o^>r axp y h^ffl±3nri»&i»iS'& 

CCtt. HUlB^CD^-Y AXP h^ffeCDX^r^^-JU^ 

if) SugaW*©^^ axp v bifi. ffecox^riP^-;i/^e 
^ - fric j: o r gtccax 6 nr c ^ &m&&im%EE&<D 

h) friBMlffioitf^KCcHittStiri^fci^cctt, m 
iBff*©*YAxoi; h=&ia±«sseciSffibrgfrBBx^ 

30 ^ (d) «cj^£Xf-y;/i % 

i ) WIBfilSOtt^rateSti-CC^C^^Cctt. mflB 

TO^^AXP^ h^^CD^^AXP^ h^C^HU 

iis-e:. tmuy^if^v boxx^??* (d) ccm 

j ) BWBWJfeO^^ axp h^ffe©x^^^-;^^ 

^AXP^h^r^O, gulB^CD^^ AXP ? 
ti/c C i ^r^-T tIBft * mfia X 4r ^ * - y > y ^ ^ -fe - %s 
VCAtl&sXrvZfL* 
40 k) «fiaX!rS/ a - V 

i * «at i -r & 7 gatg<D^^ w 

[»*B9 ] h cc»-rsH»iB<sfflai***- 

-/>^W. hCC>tf-r£WgBfiffiffl#**--f > 

^i ^ 5Ci i r 8 IBMCO^ 

50 & 



3 

[»*B1 1] MIB**^--^ 3t^tf£7^> 
i * i -r 5 M*« 7 iB&©:£& 0 

«»©a*#- hi. 

«»©ffl*#- hi. 

WiBaH»©a*iP- h©$-fc©J»£HB#tf- h^f*-* 

*ass<fc5«c, «riB^©AM-h©5fc©4*5e©A 
M- h**^~-y>y**Nffl©««©A;»#-- 

i, 

admass*. 

ffrsB^i':* — ^tt. 

*A*#- h^^A-yvy^^a-^s&s, bu&©X 

SAM- h^^ya-'j>My a -jw -eo^tt 
? htc^sSKAA^- hx^^-y > 

ci£#«i-r3^-*:7n-Mffll*-f 
[«*B1 3] *«©A*X*^»-y>y*^- 
iU^W-rS^v h-X-Y **©A#*-hiaj;*J#- h 

©»«tfctt*^u»itt£^-r£ <ot. 
y >^ii>5. ) #ffi«c*ji>r. 

NlOii^A^P? h^tti"*"*? U-A£^«0 

t, buib^ u-ABtr^p^r. mib^u-a©^ u-a 

Ci£«»iTS*^*-y 

a) ^ft©*^*-JU**^*-jU*s, 8&©X4ri?a- 

b) ffilBSft©*^*-^^*--;!/**. SiTSBBBft© 
fcitttf- h©5^©loKT^izxbJ:^i7r£1f3fc© 

^^AXD-; h*^^? U-AF*J©!f£e©£^ AXP 

c ) «rsE«»©Hi*tf- h©5 5©i r^jiirsBW*©* 
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iiiR-f&X^^i, 

d) Waff*©»UXn9 hjWfe©**-S?*-->I/*S/ 
f* > ^i . 

e) srsBS*©*^/*** * h*sfls©xy^*-^y 

fcA^i-S^v^i. 
10 f ) BWB*4r^*-y>y-rf y-te-S/^©*^.*- 
Jlz-t^ ^ -;MCfltt" * ^ ^ 7*i , 

y>^&„ 

^axd-; hr©*^*-y >#i»OHi (S&feft 
©tB*>6JifciS*. «riB«»©««*5©a@ 

7 u-A©^-eimB#cc^$n. 
? i> - ArtrEiiecc/^ ^ 7* ^ ^ >&ra&c j; o jiff u 
20 7U-A©^ri^B9(c557-r6* ci&«F«i"rsf» 

3JBS1 3iBU©X-ir^a-y>^j6rffi. 

[W3Jobi 6] iwia^^^*-y>^ffiw. 
ffiriBA^^-h^^^a-yv^*^*-^**. ^ 

A©5^ri^i*«cli»^S«rgB*«««5£jttSCc4iiCi 

*t*iur«ai*ii»&-r&ci*«ai-r*«^i 3 
fats©* i? * - y > ^ar ft. 
[»3*ohi 7] «riB^^^*-y>^ffiB, 

*^e>tlfcfi*O^^AXPv htC*5#£N<I©A 

30 m- hx^a-y >^^*-ju©afflacj3&igg5|iiB 

i*©ttiM- h C i^r^mi 

-rsswaii 3SBis©^^i?a - y>^#ft. 
[£QB©i¥ffltt$iH] 

[000 1] 

^-^©^n-fcfflfflrr** * h7-^i/XfAfcj; 

[0 00 2] 

[fi£*©SW] A#**-*^ **T-*^**+tt. 

scciisajtjfts/^^A©^^®*^^*^/^ 
±cc. A*^v7r©^ j eyr^H2Xjifl[*s. 
fiiifeccx^-jb-rs©rtt«c<. ©A^©iig 

rMZJ HOL(head-of-line)^D ^ + >y© 

50 (M. 3. Karol, M. C. Hluchyj, S. P. Morgan /'Input 



(4) 

5 

Versus Output Queuing on a Space-Division Packet S 
witch", IEEE Transactions on Corrmuni cations, Vol .C 
CM-35, No. 12, pp. 1347-1356, Dec. 1987, MS) . 
[0 00 3 ] mfttCte-oX. Xf)*4 ^OHOL^P 

if <VOQ : Virtual Output Queuing) t^^Atf^^ 
--OiffjRtt&MZtltc (Y. Tamir and G. Frarier, 
"High Performance Multi -queue Buffers for VLSI Co 
mmunication Switches", Proceedings of 15th Ann.Sym 
p. on Comp. Arch., pp. 343-354, June 1988, fccfcO*. 10 
T. Anderson, S. Owiclci , 3. Saxe, C. Thacker, "High 
Speed Switch Scheduling for Local Area Networks", 
ACM Transactions on Computer Systems, pp. 319-352, 
Nov. 1993. MS) . X-f ^^<D*(U* 

fc<&£J:SCc3-££i»5fc©T**. CCDWrS. Nx 

^tlTO&J:^ Gt (A. Mekkittikul, N. McKeown, "A P 
ractical Scheduling Algorithm to Achieve 100% Thro 
ugh-put in Input-Queued Switches", Proceedings of 
Infocom98, April 1998. #M) . V O $ 6tC$T 

A - ^fcfflfi£A*'< 77TifX>f7 ^©figfcSS! 
a-^tt, M#CD5fcA;«fcrttt (FIFO) A£*^- 

[0005] c(o<fc^«c^y^a-^tcs*"rsw35©a 

A. Mekkittikul, N. McKeown, "A Practical Schedulin 
g Algorithm to Achieve 100% Through-put in Input-Q 
ueued Switches", Proceedings of Infocom98, April 19 
98. #Jtft) c 
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£ (£!U.fi£ k N. McKeown, M.Izzard, A. Mekkittikul, 
W. Ellersick, M. Horowitz, "The Tiny Tera: A Packe 
t Switch Core", IEEE Micro, Jan/Feb 1997, pp. 26-3 
2. fc<fct>\ Y. Tamirand H-C Chi, "Symmetric Crossba 
r Arbiters for VLSI Communication Switches", IEEE 
Transactions on Parallel and Distributed Systems, 
Vol.4, No.l.pp.13-27, 1993. #fi§) . 

{ o o o 7 ] m i ****^*-7<o— m&7r&K 

i?*— 5«riaS-rS^- F$*T**;W **^>©» 

> ^jfc££fir 5 C i #-c# ilu IC . N 1 lOt^KD^ 

S. C©ilft&£. &?»JK: (SL I P^^S?a— 5©ti^ 
CDcfc^^Co N. McKeown, M. Izzard, A. Mekkittikul, 
W. Ellersick, M. Horowitz, "The Tiny Tera: A Packet 

Switch Core", IEEE Micro, Jan/Feb 1997, pp. 26-3 
2. #J&) . *£t>tt. 7-)>h*P^>Mr (Y. Tami 
r and H-C Chi , "Symmetric Crossbar Arbiters for VL 
SI Communication Switches", IEEE Transactions on P 
aral 1 el and Di stri buted Systems , Vol . 4 , No . 1 , pp . 1 
3-27, 1993. #J&) ff3C<fca*nJte'C&£. 

[0 009112 (A) (B) ti. mWj&V&Xfv 

i~c&£ 0 i2 (a) tOovzmmmT-*?-?** 

*U«r6fcl>a»6ra*. 12 <B) «c*Jtt*^^>F 
^— <DJ*#? hJ*P v h^CC 1 ^> F£ 

[ooio] £6tt&ificK:fc-?-c. FDtr> • y 

If — • X>5r^A--7 (RRGS : Round-Robin Gree 
dy SchedUler)a*ffi*3*lfc. Ctltt, Mv\Z-isrty 

U># tC@^< ^a-7t*0, #A^ 

F#x^*-y >^#^£m\ cotllfi^7^ 

A«C<fc**fraM 1 - 1 7 2 5 8 4^W . 



f?3fc©x p v V IcmtZXtrV' * - y > y«ffi*tf U*, 

y » hz - s^a« L/ y tf ~x c <ommz$L<DAi)# - 

btcmibZ<Dlc+fttj;nM&&Z£5ltC?Z> 0 RRGS 

[ooi i ] hbot&'W:/^^**^*-- 
7©r-*^^? + ccoi»rtt9i-r*. H3ttA;/KW 

X^^T-^T^^tCfiaLT, X^.a-y>^ 
jWSSti Si *fc, (Rffitttfj**- (VO 

q) *ffli*-cHOL^n^+>^raiacc»fti-rsi<Rs 
-v©S*W&{±*«. xp? £r&t>N a 20 

ffl©VOQ**~©^fc©l>r;h#ffi;&#- rKT^-fe 

X^a-^M:, 1 £^ AXP y hF*StV<> 
^©& £ * » -©ra©f^T 1/ W 

[0013] ?^>a^tf;*:T££, X^r^-y > 

yyju^ y xa^a^sx^ ? ?-fc:&x^-^:/;i/-c£> 
$^mmmm&Mm2tx&frhv$>*> 0 i o 

Gb i t/s©7^>iEg©l 6xi6d<-hX>f7f 
T\ X^^-y>^#^i, hj£(fH$ocfrb 

m-S, »*3£tt, 16X16^^7^*0. 16ns 

#tfcX*^*-?tt. ffit©7-r>&Ct& 
fc>-t*TX^r-;l/£ti£ e eKCC-^^S&x^S/jL-^ 

[0014] H4«c4Bl»r. S^P^^AM- Hi, 
A^Jtf- h^a-7^a-;b (SM : Scheduler 
Module) *W-TS. SSMtt US1©ID-C*4SM- 

IDSrWT*. ^>»±©X*-5tf y7W*lifS-r 
Z>tc#>l<C, SM«. B©lffl©SM<!:©*jI(rr*C<t 



^P§2 0 0 1 -7 82 2 
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£**«SE3*i£. SMffiB*W>#ia4 Centre t> 

att*- h^©j:5&x^*-y >yt»*«im-r 

©HI— ©SUftJBW. ^P-^*;V^P^^^rilDT©^ 

S©^Xf A^>fAXD7 h (CTS: Current system 
Time Slot) t*5^il^Cii t CTSt?3X»3n 
£AHJ#tf- r»CCW^S^a©^^-:/jU (Ht5%1± 

n * y CC <fc ^> m^-r -5 C <t *(pJ(Bt?* -5. 
[0015] f^AXD^hCiiC, SSMtt* T^-fe 

£<E5Si**i*. ^tt©jaJR*-r-5SM<Jr^LW rnyt; 
3>J ctitt, ^i^/cxa^k: 

*rr & if p -'wx ^ *✓ a - y > * - >&jfcrr s 
«r«c»*-r^iw***s. sm#. ^©-r^-c©**^ 

M-r-53H&©t»»«:W-r'5CifiC&**i^. jidef-W 
>«. X-SrS^-y >^»5e©iiffiJ:»5fcNfiiitia[K 
rttft0&tt*ltf&6ftt>. -Tttfr^ SMtt, loo 
X y >^S*ff ^Mtc. Nfl©-rf?-fe-y* 

[0016] SM^- K^xTOiSS*^^ >iiKii 
&ccx^-^:/;Ut&o/ce6K:, N;l-^7^^ F (ft 
«*) x^r^^-yv^s^ttffl-rsciJWWtB-c* 
T&=b*>, ^SMtt, ^&©xp * h©4>&< <tfc 

NXPy f-^^AXP'; h«C0llO'CX^^»-y> 

^*5e£-r*c£Cc&5. c©««CcJ:t) % SMtt x 

>rv>*- y >^&5££f &imc v pi;^^ axp * r ct 
*turtt$tirc»sflb©x^spA-y >^*5E«:MLr 

3feC> 0 RRGS (i_blB©ct ^ & . ^«X^r2Pa-y> 

^V^-r>x^i^a-y >^©««i, NJl/*£ 
7^7 K (3feR*) x^r^ A -y>^©W««:aiitrCi 

fcti^© r r g s x i? A - y > ^©— w^^-r * -r A 

f-m. i5r(t 4fi©SMl — SM4i, 
^ti6©A*3Wffl*^-h*jaR-rs^-{AXD y hT 
6, T7 • * • i©M^*«^3tirc»-5. 
[0018] ^SCCfcC^r. m(^>(AXP7 hT5 
SM 1 &*£^AXP hT 1 OtM^rtf 5/t&© 

h©j§iR (x^^^-y sm 3 

rc»S. kFSDZA AXP ^ FT6t(i, SMUi 

^ud-; hT8ccfct^^x^>>^-y >y^r^f^r 

[0 0 19] ±S2©J:^«:SSM3&*X^r^a-y>^«r 
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fif© (visitor) J (BP^, 1 £YAXn 

[0 02 0] 

[»g§#fl?»OJ:5£?"<&H!ffl] O&Vteftii. RRG 
srtt, -^©SM^fft^otlK^-fA^ia? r 10 
©3«|5|JlBJ*3^1»ttK:ft:-5. ^6&±. ^5£fI*7©SM© 

^u^n->h j«g§iJiBff K:»a l xmm L tc $ A A * + 

a 9 hSIUJWPtt. T10. T 8 , Til, T 9 • • - 

[0 02 1 ]$ SrSE»BI¥ 1 1 - 1 7 2584^ 
«c^$ti^J:5tc. RRG SB. SM*«»©*§^<!:« 

l(©^-cx^^^'j>»^fts 8 cn«. s 20 

[0 0 2 2 ] *fc, RRGSTtt. SMsW. 

^ttOWaJ&stGS. Wttf, 04CC*j(r>r, SM# 
btC^^P^&O, ffe©SM©Ml£T&*^~ 

«^-c*5£-r*. c©*§^ SM#nt 05 kits 30 

If 1 1 - 1 7 25 8 4-5f£#M) . 
[0 02 3 ] C©<fc5tC t _hf2©RRGSX^rS^-^ 

rasa* * * * - y > ?*mm-$-& c t &ajmv& & 

*/c. ±&L/cJ:5«CVOQ©CKo^jW6<DV 

oQCDttaao^^j/a- y >^*ttif 6tis£i^ 40 

[0 02 4] **«©aW«. RRGS©^M«f 

£c<ttc£>6. 

[0 0 2 5 ] *«^©f6©aWtt, VOQ+»-^ 

A3?g* -y ? ?-<Dtcib<Dx *r*s*-v zmm-t z> C <h tc 

[0 02 6]*^O3 6«C«<0aWB. VOQIf-t 
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[0 0 2 7 ] ^©^OffiOIWtt, C>T*l©VOQ 

*>ft© v o Q©ttt®«:jfijto 6 r III cm&x 7 * - y 

[0 0 2 8 ] J**^— ^IfcittcfcttSfcS l-PCt>Wft 
SNlOV0QO5%©i*©V0Q4» X^i^-v© 

trite, £'©ffl*?p-h*(^c«:^^r^»-y>i/3ns 

■c*s. commteW&ov'-vx&M (Qos) ©-y- 
htc<b->rs^r$>-So enters voq©^$JpJ 

[0029] 

[sa*si»tsfca>fi»s] 1 <t 

£, aKOA^^-hX^^^-iU^^^-Jl/^W-rs 
©^©A^#~r£X^;*-y>^-r&. *£ri/A 

-ji^s?*— jus, ^e>?A-;vr^"Cx^v ; A-»;>^y 
Etc. OTB5R*©4'-/A^Ov h 

-^CCBfTlB^CD^^AXP^ h3^ffi6tlfcC£^-r 
tt$S€:An^ 0 

[0 0 3 0 ] 7s a mimikoz 

[oo3i]^-f?ftt, m%mjj#- h©-eti-encc 
» 0 r #j ^ ©4 * - zmm? z>fommt>* *-a>?& 

*4C»tt, H^©sK- hCc»"TS(SfflU** 



u 

[0 03 2] *#B3I3©W2 <DK-gCC <ttltf , X^fvfO 
CCT, x*5P*-^«:. SBSOA* 

b) «riB^x^*~A^5/ OTaaa»©m* 
AXP? h*sJ-»-rsXf"^^i, 

c) «ria«#<z>£-{Axn* h«c*j^saMfflccx^r^ 

d ) «n aw*© ^Axn^ awa^x ^ *✓ ^ 

e) iirte»*©*-f axp* M^MB^x-lr^-;^ 

f ) ffriBf3*<D*-f AXP? h#ffi±$ftT^&l>JS 
firie#*©*-f Axn ■> h^ffecox^^^.-;^^ 

g) BuiB8*<Z>#W AXP ffe(DX^^-;u* 

h ) gn mm l iw*jii«c m»& <* nx ^ a «j sbs 

^^AXP * h£ffl±t^K«£t/XX^y :/dCC 
M£X-r yy't, 

i ) «gB«ao»fWil*63nrc^l»ii^. MB*?* 

ffiRL? 1 7#&'tev b OX, Xf^'diC^Xf 

j ) fr8e«*©*-( AXP y F^X^r^^-i^^ 

AXD-v h£IX9, ilir§B»*©*^Axn? h#SK6n 
fc t £ *^-T« M IBX 4r *✓ * - y > ? Hz - s?(c 
A*i£xf-sr:/£. 

k) Max^:x-y>y^Hz-^£^©x^>^-- 
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[003 3] fflSOA*^- h £iIDX A*^ £ 
m*+a--f>y«:fflC»r + *--f >^Sti*. f@*© 

r5i»Bfi«w*+A---f >^itt*fcttr&-s. 
iwefiaai** * - >r > vw- exu-F «^s9njtt 

Fa^>ccg-3C>X, «flB*l5EU*#-h*ia»?-rs. 
[0 034] *^©^3<DB*«C<fctl«. *vbV- 

©A;*?*- b t % mm<D&t)#- b t . wriBWRoffl* 

h©5^©JB5£HWj#- 1"^- 5«t* 
HUiB«»<0A*^- F ©5 ^©1#£©A£l#~ h £X 

*^ * - 'j > y-r -5 n ffl©a»©A*^- hx^a-'j 
halite, «am*- hx^^-y >y*^a-;u 

20 ^^XP-; H©^tttt8M«R£§{I U &A#;K-h 
hCt&tt&^A^tf- hX3r5^-y>^-*^*-JU 

fyt><D^r ? bma¥$ffl&*mmL. §am-fx 

»;>y**x*- J rt/3&s, frK©x£-5/.a.— y>2^ 
[0 03 5] a»©A*^^^*-y >^*^*-^«r 

wrs^^r *<r»<hx- b tm)*~~ b<om 

U — A(D^7U-Aifi©Nffl<D^-f A^P-y 

[0 03 6] ±gax^i?*-y>^ffi« t 

a) Mt£<DXtr*s*-~j\,*:is*~)\stfi, m<D^t>^ — 
jRi/ A -;i/^f,x^-»J>^ ^-tr-^^^ff-r 

b) HWB^aEOXer^jL-^^jL-JW, ByfB^SttD 
AX D v b&^&'X? U-Ap^CD^F^CDdir-Y AXD 

c) artaa»©tH*^-h©^^©i^«r«riE»*<3D^ 

A axp v hrcD^fiffltcx^^^- ';>^-r^i;^cc 
MTSXf-^i, 

d) miia^^CD^^ AXP y h*^©X-5r>?A-;b^:ix 

e) 89IB»*<Oif^ AXP MiffrDX^^-Jl/*^ 
so *-jwcj:oriR6tin^i»iS'&«:B % Mat^*©^ 



C8) 

13 

titcct& mn* m ie x >? v * - y > y ^ ? -k - 
f) BMiex>y^A- y vH2-i?*;>c©^^y3.- 
[0 03 7] 3 ±ia*4rs?*-y>y2«tt. £ 

[0 038] wt % c0x^a-';>^mt fate 
[0 0 3 9 ] ±iBx^*-y >*ffimt. 

ft/c«*©*-f A*n* hCCteW£Nffl©A;to*-- 

U-ACCfeW5A*«#3&«^:©7 U-At 
[0 040] 

(Carry Over Round- robin Pipelined Scheduler, WT 

corpses. ) ws^ax^r^y ^^cc 
-^©raiSiS*)i?*-rs^a>r*-s. corpse a 

M«;**-^y7w ^yfe-^sau* 

W*S#«T-*f-** + #«tR<**i£. MCC, RRG 

[0041] £*>k. *«^{Ccfcn«, Bsram^wcN 
<i©a«rrsxn? rWrAsxp? f^u-ak^mbi 

3W«iHi-rsjiBff*sar-5 v h y nn^,. ^ h y ^ 

^<Dtftt3Hft©7U-A (ifto^n^n? 
^u-A)^xa7h^-/>f^^U vh'J 

r^n^>(visit)j ^sa^jBg-r*. 

[0 04 2] B7tt4X4«5fc^ry**£7nTH-C* 50 
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us**, H7«c^Lfc^h y **fc#-r£>w ^ 

^Xt-A<D^£(D£-YAXP ^ h#*l7 U-A© 
^2XP7ht*Si^, SM#1«7 1/-A©I4 
xa* h*cRI*Sx^*-y>y*ffi*UTC>sra 
SM#3(**7U-A©S2^ay KcMtSx^r 

[0 04 3] i^f y *x*ttjfl*sc<Lcc<fcgBSK 

lCC*$WS*SM©»f¥«: 
*B-r*£. »SM©^^^*-y>y»3£ifiHi«, ^ 

u-af i (Dftmvmmicmtezti. xt-i? 

6— T5 — T8£&*K 7 U-AF 1 CD^T(5]B#CC^ 
TT^o Chit 0 6*C7nLfcRRGSCC*$6^S3r >f A 
XOy hMEJW* (T10. T8, Til! T9 - • 

ttSM©ffl»CC|!IIOr««©EMtt<. 151— «mk:t* 
[0 044] i9{i5x5^cv h y i'X^Tit^ 

enow* laQcc^ufcvh y^^tcw-r-s^'-f ^ 

-So 7U-A^»5$^a? rift***, N = 

4<D^<h^tc, zA^Tsxiv vwmmxmmti 

M©ttmc»@-r*£, &SM<D*4r5^-y>^*ffi 
iJMIW, 7 U-AF 1 ©5fcBTC[5IB${c|g*&Sti. X^t^ 

0-*T 9— >T 8— >T 7 — >T 6— >T 1 0 <L & D , 7 1/-A 
F l©**riS]B*CcST-rSo SM<D«(cB80tM 

©E3Jte<ra— «fjccrNxN«5fev h y ^x^aser 

Z&tctb. R R G S £ tb» C X S M^S^&OWJffiWiS 
[0 045] NXNftftvF'J^^tt. iifi^W>> 

yfe-s^*S0©i5li;*isjK:, smo^J^[5]|e$^^c 
Kcc^4r^*-y>4f$iifc^- h«cmi-rs««*a^ 

isitor)J (BP^, 1 * A AXD h buOSM) CC J;-? 

[0 04 6] ^±<D<t^CC. »ra«*^U«-Afbl/T« 
5t^hy^^*fflC»fe-3*j«f^Cd:K:J:0, SMOWL 

[0 04 7] MCC. *»WCtt. ^tStT-^f*^^^^ 
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#fc'l«(D#- h <DA >ris ~ - y > ifWf £^0 ffl-T «b 
l^feOTftS. feOSSXn? h^lHjGtt}^!^- hfiC 

o^hfttcjit?. io 

[0 04 8 ] HI 1W, WttiOXlrV^-^^tszL-fo 

sMvmvcDMmum^m^zmwmT&z. mm 

Wt. =n;^a> £S?&T£/c*K|*6ft&xp 

a>#&-fe* F©sfi«i*ificrpi«tt3&«*s. cn 

ft****. 

fcJMto^nt/ htct>fco-c ^t;8^- h^or ffe 30 
©x^*~y>y*o&^J:5«cfflR3*ia. ^ft 

[0 0 5 0]«itf, SMa*s. -^jL6tifc#- hpCC 

ttfWh y#3ft££«3£-*-*. co«aL»f¥©»* 

Xn^hmn ( 1 £n<x) cD^Tftfc, I^ICtf- 
h ptCo^rBSMaCcioTFJffl^FW <ffl±. :/n * 

<fcfc£. fiE^T* CCDP1±«^«. ^xWc 40 
XP y KCCRI-r y^a>#*±i**l*C<fc£ 

[00513 coRPSx^*-y>^rw;XA 

X-2r^*-y>^ft^ta»3tlSS 

[0 0 52]§ , fe;Ua^-C > ^W>F^<D£>&SM 

6 S M«C jR 3 tl 5 X ^ 2/ » - y > ^ ftSBJR© 
*hJH£5E»r*. S^7-fe-*;tt, tcfrtc&mk<DN 50 
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Io^mp? hr&sti/cx^t^-y 

4r2^jL-y>y§?* (scheduling element, WTSEi 

*-y>^S3RSE«, »«HFlfflCTTL : Time To L1v 
e), ^^fAXP y h ID ( T S I : Time Slot ID) , S 
M— I D, RVtitttf- h I D (OP I : Output Fbrt 
ID) 

•^fl(TTL)tt 3RSE*£fiSbfcSMK:J;^ 

- ^AXd-y h I D (TS I ) 31&CDTS (£-f 
A*D* h) #»6*P* h^X^^-y^Sti** 
TOXP* h»iUT5£»3*iS. x^ri?*-y>^$ 
n^xa * h<D I D 

• SM- 1 Dtt. Atr^*-')>?¥$)&LtcAt)#~ 

• h I D (OP I ) ^^rp A -y>^sn 

hCD I Dr^ e 
[0 054]^P? h©SflJK\ #SMMW^SM 

a? Kctttt6*i*:SE£#i? 0 &6t9>&SMti. £ A 
Axa? h^/c0/c^/c^l 0©X^r^*-y>^i*5e 
£?t5. SMp^^r^*-y>y*3£^tf^tfr&, S 
M p tt&T©rtS**tr<5Sr IA> S E £f&5W£. 
[0 05 5 ] * TT L = N 

• TS I = 31£E<OXP? h^6iSR3ftfc*-f Z^a? 
h£"CCD (^-tufc^tf) XP? h<D<IiStm 

• SM- I D = p 

•OPI=$>fAXP^h (CTS + m) CCfctt*'^ 

[005 6] ^^riP^-y >4^5£lCjta&>fo6-*\ &S 
rt©«l©t^t OS E ©T T L *f f'J > h TT 

L=o©sE*js»-rs. 

[0 05 7] SSMil (N+ 1 ) NfS(D{&©£^0> 

^yriz-rsc^ts. «to©Nffl©(4fi«. ^px 
©xyi> a -y>^*3£^ga»-rs. cti6cD^g«, 

r^-fex stiff ^> 0 «aeci»?Ltf. SMB. c<Dffin& 
^^ A -y>y«3£«E»-r-S3ft«)«cfl6ffl3nS. 
[0058)11 3Wl^-rj:^CC, «T©7 y -Jb K)W 
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• f YAXP.? h I D : SCT W'MD-YVrf xr& 

CO 05 9 ] * Pfiih (Blockage) : CftttSM**;*^ 
HJjwaoss. «M*ffirAS. 10 

[0 06 0] • ^Rj (Reservations) : C*U*^*.6*l 

"T*. CORPSE. h (CTS) t£*t 

ltC£D7 ^-Jl/Krt<D-r^T©x> h Vifi?«X<DS 
MCC*>A:0PI— "C**Ci€rffiSE'r -6. f PX 

/l*2x a -Mi, IJ10SM (CTS) *>6. Hz;KD3I 

XC<DV a -JU K*J:ti6 , r-SCiCCJ:0. i^D^^t/ 20 

[0 06 1 ] CORPSX»i/a-'J>mJ'iXA 
^SMSi, CCt»W«CORPSW^a-'J>^ 

tji^uxaccses. corpse ^A^nfcSM 
o<t 5 £***>©«*», &sM«c$a>3*i. ^©vo 

RPSX^r^a-';>^7JM'jXA^t7P-f t 

- r-T**„ JSTF. fXf#>yfX 1 0 1 ~~ 1 1 0CCO 30 

[0 06 2]^ 1 0 l«C*5l>T, ii©SM*> 

6S^?i2-^SiO t §S E (tCftlsXTT L 
BSIffi) »J^> h-TS. Etc. ^L6*lfcS EtC*t 

OTTTL>0©«tefctt. TSI (f^AXP-ybl 
D) ^'J^>hU TS I m^^^'JTU^S 
C&WmirZ. TTL = 0©t§*CCtt, ^CDSE^rS^ 
^-^^StS, */c, +fj-(CARRY) 
77^CARRY = FALSE(C'J-b9 b^* (fx 
f 1 0 9 #JS) . 40 

[0 06 3] *&C>T, f Xf 1 0 2 (Wf^o? r©ft 

3fc©f *{ AXP? h (FTS : Future Time Slot) £X 

«>. f©7h^XB, FTS = f (CTS. SM_I 
D) ©»©Rlttf CCx>=i- F3*l^S. 

[0 06 4] M«C. S M#&{ifflK £©&#*- r (O 
PIS) £X^*-y>yu<fc9£T**£iMR-r£ 

(^^103: b©S!R> o Htttf- 
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£"5J#&&#&£. CORPSttC©* r^S^JBEO 

[0 06 5] «EC»T, SC (FTS) ©^»x> h <;<D 
5^r, SM- I D^CCDX^-^^-'J>^^fT^ 

(#X# 1 04 : XP ? b£S&ififfi : tiLX{*>Z>iP<D?~ 
x h) . 

[0066] ^>t/, SM- I Drt*C©X4r^*-y>y 
*Htf-r-5SMiS&Stt6tf <*x* 1 0 4©N 
O) . »C, SC (FTS) ©Pl±x>h VO^fe-C, 
OP I (ai^-MD)^ X>r^ A -i;>^^ 
Xi<>Z>mt)#- hOP I SCC9L/l»&©:iP&&;ft>£5#> 
<*X* 105: a^ttffi±$Jhri*S 

^©■rx h ) 0 

[0 06 7 ] S^ffl[±$tirt^tt6tf (fx^i 0 
5©YESK y-fe-^^COSMCCiS-r <* Xf 
10 6). 

[006 8] a^ffljh3ntC^j:C»3Q:6tf (f Xf 1 
05CDNOK SC (FTS) ©^iftx> h V<D>>% 
X, OP I <Htfj#- M D> 7>ri?*-V>y& 
K-&T<,>*fctob?i<- rOP I SCC3?Ul»fc©#*£3&><!r 
**** <* X£> 1 0 7 : httl* 
htiX^&fWT-X V ) „ 

[006 9] ^-©XP * 

<*X4M 0 7©NO) , SC (FTS) SE©S 
M- I D^lOP I #OP I S«C«0l^ttx>h 'J 
£ffo3SU TTL = N, TSI=FTSt, SM- I D 
ttSB© I DCC*§S0< . OP I =OP I ST*&6SE£ 
fW£-r* (f Xf 1 0 8 : XP * r £lXS) . *©«* 
f Xf 1 0 6 (S^ vH2 — ^©SWSO) ^Jitfo 
[0 07 0] c©xp-y h^e^^fWOT^StB^ 
(f 7s 2 1 0 4©YES) *5l>»WOj h3^RCC 

H6tin^n^ (f xf i o 7©yes) ccb, mm 
omiwmicmt&ztix^z&zsfr&ik&L. 

CARRY = TRUE/FALSE4fx^«. C 
ARRY = TRUE©ii^CC« 1 S C (FTS) ©PMih 

OPI=OPIS©x>FV*MU l 
^^•CJ&^i5B^K:ttCARRY=TRUEfiC-fe9 hU, 
JSCC, FTS= FTS + NtC-fe ^ F-T^ (f Xf 1 0 
9 . 

[0 0 7 1 ] * Xf 1 0 9«C<fc0fiWl/tt{WSWf5ti 

tti»rfi^tt^*y ^Mftotis (fx^ i i 

0) . EP^. FTS«. CTS^P>2 N 2 ct0^< iCffi 
nrttft6^l». (FTS-CTS) >2N 2 r*^it 
^ (f Xf 1 1 0©NOK) v irH2-^*U0 

risaa**±-r-s. fts-cts) ^2N i ©i©^tc 

(J(fX^110©OK), fXflO 4^M-5 0 
[0072] CORPSTJ^'jXA^C^Citia 
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19 



20 



W**<DSMtCj:~>xmi$tl?>L1BimLXi>* *BS-r 
£C<h«:£U> 0 VOQq&SMptCJi^xmtRZtl&t 
®&?&t, m 1 4KJ;*ltf, SMp#q£X^:x- 
»J > & C <h (CflKft-tt-rcc-yjfiJU- P§— <D 

SMp#[[RjLh3;ftT *;*-q#gBCX 

fc>£ SMt*/c£>/a^N{iT&9 , mSt<D3 x ) >«ffl 

[0 07 3 ] pIDffl*^- hq£«Bfct,T*^;*-y 
>^L<fc^<h^^mfi0A^*- h (SM) CD-fe F £ 

XU*> hcDfi^^rn/ (At) X^^-^ 
H ffitOJHriAtWi, j eM&C*fOT. 20 
I n," (At) -nT (At) | £N 

m-7x7 (m-4>¥) r*Sil^c & 

[0 0 7 4] CORPSE m-£¥ (Km^N) ~C 
-^x. e>ftfcx P ^ t s CCfcHT fcB^J^— h q CC 

^wiax^nrc^^i^^cDT-x F£-r&c£;?x.r 30 

£fc(,^6T&& (^ 1 4<D£X# 1 0 5) . Ctlh<D 

m{l<DSM#xp* f t sKfc(,>TPfi±£ftTi>&i>Jt 

t s + nN (Kn^ i ) O^CCm{@£D^#Xa > 

tsc&k&sc ccr v 

SMtt, tH2>tf- h qCCttLT^i -7U-ACC^gp-C 
^BRStiS i 7 U-ACD i Nffl©xn 9 bfrhWLh 
NXP? F«fcD£l>*ffi£WT6SM£^tfC<hS;rc# 

50 



[0075] sa©a«*w»asc»4>©r**. 

^P^O£>&VOQ«:, te©SM©»J&r*VOQ©«r 

■r^r<o«^-r 6 s Mtt«g«cc0»©^*»* c <t cc 
[0076] s€>cc. n^feint ^iicoai^ 

-7*^ F£WT& (13 1 4CD£X£? 1 0 8 ) . 
[0 07 7 ] CORPSr^f^^tKOWlKo 

©na -ex >r y * - v > ^««*«-r fc a>cc m ^ e> *i -5 m 
13*©d>fc< i^NI©xa ^ h-c&& 

IBOttSICcSB»€:K«rnIS6tt«>*S. ff% 

Mtcm&W&&&'?. i - 1 flCDffeCDSM 

tcm&. ^Xr-Ati, i - lffl©SM©#jWK3g 

[0 07 8] CORPSE a»©7U-ACC*>fcf5^ 
6„ C<D/c*, -ah77-f^Ofeit?CORPSO 

[007 9] h77 a ^^ftfifCcS-TS^^v hiiJltC 

si u r x y a - ^ cd ^* 7 * - -7 > x ^ /c£s?> 
[0080] ( i) -mb^y < v zmmmm, 

( i i ) «S'MCCJ:57>^A&VOQ+A-ja!R (H 
1 4CD5rX^ 10 3). 
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22 



10 



20 



[0 082] VOQiliWCHSOT, ^L6*l/cSM£>£ 

i) . ^t, ffaS©VOQK»L 

fcJT, Chipalkatti^ ( "Protocols for Optica"! 
Star-Coupler Network using WDM," IEEE Journalon S 
elected Areas in Communications, Vol. 11, NO. 4, M 
ay 1993) KfiE^i, ^T©VOQ©jWffl*&*p"Ca 

&t§£. i ^(osmc^xmw^n^mxrx^yoQ 
**.-<Dmm* i + (N-i) ptCckoT-^eti&o 
[0 0 8 3 ] s ecc, q twmscmm'r&fflcymm&m 

£rfcl>£i^UTl»£©CC2tOT. r(CttC©fflKRj&* 

[0084] r = /)Q = p/N (1) 
[0 0 8 5] Q. n ©^S*l>W«T©«t ^CC-t^Wt-T 

y-^p/N©»Ml ffli^7Ftt, SM 
j»R3tlfca. SI 4©**^ 1 0 5&C#£oT, *4ri? 

-cvmmmt* ;^*-*s = q u-pj©«M5j 



tt^fGeo (p/N)/Geo ( s ) / 1 *~ -fcfti 

[0 08 7 ] CORPS^rilM-r^^*^^ h©JHfifg3® 
Geo (p/N) /Geo (s) / 1 CC*t-r£J5M9 
3i^<!:, ¥#JiIM <D eorps > ±<Dmc£-?X^x.htl 
6 (M. J. Karol , M. G. Hluchvi, S. P. Morgan, "Inp 
ut Versus Output Queuing ona Space-Division Packet 

Switch", IEEE Transactions on Communications, Vo 
l.COM-35, No. 12, pp. 1347-1356, Dec. 1987, M8) 0 

[0088] 
[ttl ] 



30 



2iV 



(-#) 



+ S + 



(2) 



l+(W + l)(l_r) w - 



fc/cU, S», Geo ( s ) BSIB!^©5»*93»-C* 

[0 08 9 ] Q„ n 3&sjgfR3*ifc (5fcH>**-y h^Ge o 
{p/N)/Geo (s> f*. C><oa>© 

**3&sjtaco»S. SMm^ mrLX^Zxv 

(g| 1 4©£XS' 1 0 4) . ^D';h*S, SMCC<£o 

[0090] 
"C*2] 

2[l-(l-r)^ 1 l" 



(3) 



[0 09 1 ]CORPS«:J:ntf. SMOTMrC^SX 
nvhW. C©*P * h#|HjDm*>tf- Kc^fOTfu© 

[0 0 9 2] S Mtf r £#t*T 



P.= 1 - ( 1 -P 0 n ) " (5) 

[0093]H14©£X^10 4t / C<k~>X&tZ>Mm 

m& (Do) tt*s«c<fcoT^*6*ia. 

[0094] 
[«3] 



(13) 



23 

D~ Q = £ NkP£(l — P Q ) = N 
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24 



1-Po 



-(iV+l)P 0 " + M (6) 



[0 09 5] SMm&mmOfititcZtiv h#£l>Tl> *|ac&il^ ^-(DX a * h ICfSg LT S Mm#£W-T£S5k 



£if£ (01 4©**^ 1 0 4, 1 0 5, *5J;£>'1 0 7 

nr^€»ciccj:o. h©¥^a& <D torD ,> 

#Nfc&£c£*m*©tr§Br&*. <D cor „,> > 
NT. 3U^a>3&J&^ti^ ^fr<<LfclO©^#j 
^ ^©ff!2©:7 U-A'viC&^-E,., CCT\ 
t?gl/«cj:-5rSWSjffiSD e Ccoiiril3^S. »5E© 
y hKfcfOT i - lf@©ffe©SM<t©:n 'Jy 3 >^)K 



( = >A^ = 1] = { J 



[ D- COP ,. = j N I v = i ] <h-r^ 0 Wittf* m#*© 
XU v h£B5fo**W©SMr*Stl^ 
10 [0 0 9 6] 
C»4] 

> = i ©«£• 
*-©fl& 



(7) 



[0 09 7 ] iKOSfcWfc. SMm^D7hm 
CORP S^i?*-7ttTO 1 7 U-A^^r 



BrtAiCi^filfitSt, P [ Dcor P , = j N I v 

20 [0 09 8 ] 
[»5] 



C:l) 



W-i(l_ r )«W 



^©<ttl 



(8) 



[0 0 9 9 3 St (8) <D±mt* m#*a* h£K*i* i 

sii^ctr**. TS©r3i«»B, i-iffl<DS 

M^mCDfjtCXP^ h C*l6©5^©j 30 

(D e . rp .= j N3&»ov= i) <OJI5<D**C0^ 

h 1 £ i ^N© i#B©gSiai#r*-5C<!:^l/<«*> 
[0100]^ h©JBSS5iD e «^ 
[0 10 1] 

C»6] *40 



N(N - 1) 



r + N 



(9) 



[0102] CORPS*4rS?»-<7tt:J;»)£C&±jB 

[0103] 

C »7] _ _ 

= A) + A: (10) 

[o i 043 «-»-r^**a©w*»p b r*-6. cn 

[0105] 
[&83 



n n = 



i^[i + (^ + i)(i-^- 211 - (1 ; r) " ,] 

(1 - r^)1 



+ 2 + r- 



1-r 



(11) 



[0106]Geo (s) (C*tLT, <S> = 1/s 
T\ <S(S-l))=2(l-s) /s^i^Ci 



[0107] 
[K9] 



25 



(14) 



D = 



+ — ^ -r + JV . 



1-Po 



_(7V+1)P 0 " +1 



26 



(12) 
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fc/cU s = q (l-P b )r*S. &flJ<D3^i, * 

fejc^y^g J: 0. hiffi9tf*> io 

CO 1 08] HI 6 CC. CORPS©^***-^-^* 
HOJIWtWK**, CORPSX^a-7^m/cl 
6x l 6X^^f-<D>'^^b-5>3><hJ;b^L/c4><0^: 

[o 109] c©0«, fifflr©-r^r<o«H*iiO"c. 

X^r^^ - 'J > yiiJ£#* * - -/ > <fc 0 4>M^T? 
*SCi^l/W-5. #S«ciRt >©»©*§£• 

tei^r. coRPS3&s^*<«yfc6t*"Ci^ci i &igi* 
ft*, coRPsK<fcor£fc*¥^a@tt* g 

fifflr©*!^©****:* 1 7U-A)&>6. SSstfO. 85CC 
if^itW57L^-A$r, ifcW*. 30 
[0 1 10)SM«!tSfc«), 017«c, 16X16 

corpse v^^^h±m&<omm^^m-f 0 
o. 8*5^^0. 8 s<Dm&<Db<D-eibz> 0 *-r. t»-r 

r p sr(j^i3 >; *✓ 3 >#gc £ c <t £Hr LTOfto 

C<L$C<fc£ 0 UBS. ^©^-JM*. N l /2 = 128 

p(i - g) 
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